One of the hallmarks of Alzheimer's disease (AD) is the deposition of b-amyloid (Ab) plaques in the brain. The major component and an initiating factor of the plaques is Ab42. 1 In contrast, Ab40, a major species of Ab produced by neurons under physiological conditions, appears to have a beneficial role in reducing the amyloid burden.
2 Ab40 levels are decreased by familial AD mutants, whereas Ab42 levels remain unchanged. 3, 4 The beneficial role of Ab40 is also suggested by studies using PS1 knockout models, which undergo neurodegeneration in the absence of Ab production. 5 In the PS1 exon 10 deletion mice, there are very low levels of Ab40 but accelerated amyloid plaque deposition. 6 A very recent study shows that Ab40 inhibits Ab42-initiated amyloid deposition in vivo. 2 Together, these findings suggest a hypothesis that decreases in Ab40 may underlie the pathological process of AD, and that Ab40, and even Ab42, may have physiological functions before they aggregate and thus deserve more detailed investigation. 7 Neural progenitor cells (NPCs) have the ability to self-renew and give rise to other CNS cell types in a process known as neurogenesis. Neurogenesis is altered in AD transgenic mouse models and in human postmortem brains. In an animal model with the Swedish and Indiana mutations of the amyloid precursor protein (APP) (APP swe/ind ), a twofold increase in BrdU labeling is reported in 3-month-old mice before amyloid deposition and also in 1-year-old mice. 8 However, a decrease in BrdU labeling is reported in adult mouse hippocampi expressing APP swe 9 or APP ind . 10 Impaired neurogenesis is also reported in APP swe /PS1(P246L) knock-in mice. 11 Similar impairment in neurogenesis was observed in several transgenic mouse models expressing presenilin-1 (PS1) familial AD mutants. [12] [13] [14] The underlying mechanisms of altered neurogenesis are not clear in these animal models. It is anticipated that human studies using postmortem brains are even more complicated to interpret. In humans, neurogenic markers are shown to increase in the AD hippocampus 15 but decrease in the subventricular zone. 16 Another study finds evidence that increased proliferation reflects glial and vascular changes but not neurogenesis in the presenile AD hippocampus. 17 Therefore, a consensus cannot be reached in explaining the controversial findings from both animal models and human postmortem brains.
Understanding stem cell development in neurodegenerative disease conditions may provide valuable information on potential stem cell therapies, involving either endogenous stem cells or stem cell transplantation. 18, 19 We have developed an in vitro system to examine the effect of Ab40 and Ab42 in NPC growth and differentiation. The majority of the NPCs were proliferating and undergoing more symmetrical cell divisions in our cultures. With a sufficient number of such primary NPCs, we were able to use vigorous approaches such as western blotting and luciferase reporter assays to show that Ab40 and Ab42 played different roles in cell fate decisions with Ab40 strongly promoting neurogenesis.
Results
Characteristics of NPCs isolated from rat E18 cerebral cortices. By day 10 in vitro after the initial plating (P0), NPCs had formed floating spheres in non-coated dishes or had grown into spindle-shaped cells on coated dishes ( Figure 1A ). After mechanical dissociation of the P0 cells and plating onto coated glass coverslips, up to 89% of the cells were stained positive for the proliferation marker Ki67 at 3 days after replating ( Figure 1B) .
The monolayer cultures contained mostly bipolar or monopolar nestin þ cells at the first plating (P1) from the P0 cells ( Figure 1C, a) , and resembled cortical progenitor cells in vivo. 20, 21 These monolayer cells were multipotent and could differentiate into major brain cell types after switching to a defined medium for a specific cell type according to the protocols described before 22 ( Figure 1C , b-d). After 4 days in the respective defined medium, about 80% of the cells were MAP2 þ neurons, 70% were S100B þ astrocytes, and 40% were O4 þ oligodendrocytes. These differentiated cells also appeared to have cell type-specific morphologies. These experiments suggest that our NPC cultures underwent more symmetrical divisions and possessed multipotencies. NPCs in the experiments described below were grown as monolayer cultures and used at P1 or second plating (P2) after P0 plating.
Ab40 and Ab42 elevated lineage-specific protein markers. To determine the effect of Ab40 or Ab42 in NPC differentiation in vitro, we undertook three independent approaches: immunofluorescence labeling and cell counting, western blotting, and cell type-specific promoter activity assays. The latter two strategies rely on a population of cells and are more suggestive albeit probably less sensitive. In the case of immunofluorescence labeling and cell counting, samples were stained and coded by one person, and the data were collected blindly by another person to minimize the observer's bias. In these experiments, NPCs were treated with freshly prepared, soluble Ab40 or Ab42 at 1.5 mM or as specified for 25 h. Unless noted as aggregated, freshly prepared (soluble) Ab species were used to treat NPCs.
The very first set of experiments was performed by western blotting. After 25 h of treatment, NPCs were lysed and equal amount of total protein was resolved on SDS-PAGE gels and analyzed for NeuN and S100B expressions using g-tubulin as the loading control. These original experiments revealed that Ab40 increased the neuronal marker NeuN but not the astrocyte marker S100B in NPCs (Figure 2a ). In contrast, Ab42 increased the astrocyte marker S100B expression in these cells. The concentration effect of Ab40 on the expression of NeuN was further analyzed (Figure 2b & c) . NPCs were treated with freshly prepared Ab40 or Ab42 for 25 h in a range of concentrations. Cells were lysed and analyzed for NeuN expression using g-tubulin as the loading control. Figure 2b shows that NeuN levels were increased in an Ab40 dose-dependent manner. NeuN was significantly induced by 1, 1.5, and 5 mM compared to that in the control (Figure 2c ). In contrast, freshly prepared Ab42, but not Ab40, consistently increased the astrocyte marker S100B expression in a dose-dependent manner (Figure 2a and data not shown).
Ab40 promoted neurogenesis in NPCs exiting cell cycle S-phase. It has been shown that NPC assumes a neuronal fate by responding to unknown environmental cues at approximately S-phase of the cell cycle during cortical development. 23, 24 We noticed that in our experimental conditions in which NPCs were treated with Ab40 for 25 h in the presence of BrdU, the NeuN þ cells were rarely BrdU þ ( Figure 3a ). To determine if these NeuN þ cells were newborn neurons and if it took NPCs more than 25 h to develop a neuronal fate, we examined S-phase NPCs in response to Ab40 treatment (Figure 3b ). In this experiment, NPCs were pulse-labeled for 3 h with BrdU to mark the S-phase cells. The medium was then replaced with fresh medium containing Ab40 without BrdU. Cells were fixed at 25 h after treatment and immunostained for BrdU and NeuN. As shown in Figure 3b , almost all NeuN þ cells were now BrdU þ , suggesting that NPCs responded to Ab40 to differentiate into neurons only if they were already in S-phase. A closer examination revealed that two populations of BrdU-labeled cells were present: cells were either brightly or faintly labeled. NeuN þ cells almost exclusively overlapped with those faintly labeled with BrdU. Cells that incorporated less BrdU and were thus faintly labeled might be at the end of S-phase in the cell cycle, 25 or they might have just entered the S-phase shortly before BrdU withdrawal. The later prediction was unlikely because concomitant Ab40 and BrdU in the medium did not result in NeuN þ and BrdU þ double-labeling (Figure 3a ). These data suggest that only those NPCs traversing the later stage of the S-phase, that is, exiting the S-phase, assumed a neuronal cell fate in response to Ab40. These data also suggest that in our primary NPC cultures, neuronal differentiation took longer than 25 h.
Ab42 induced NPCs to become astrocytes. Ab is implicated in promoting glia cell fate. 17 Here we determined whether Ab40 or Ab42 affected astrocyte lineage determination in NPCs. After Ab40 or Ab42 treatment for 25 h, NPCs were fixed and stained for S100B, a marker for astrocyte development. 26 As shown in Figure 4 , Ab42 significantly increased the number of S100B
þ astrocytes compared to samples treated with Ab40 or the control sample treated with the vehicle DMSO.
Ab40 and Ab42 increased lineage-specific promoter activity. To further quantify the lineage-specific effects of Ab40 and Ab42, NPCs were transfected with a lineagespecific promoter-luciferase reporter construct before Ab40 or Ab42 treatment. After transfection, cells were treated with Ab40 or Ab42 for 25 h and luciferase activities were measured in the cell lysate. A SOX2 promoter-driven luciferase construct was used as an undifferentiated NPC reporter construct. A bIII-tubulin (Tuj1) promoter-driven luciferase construct was used as a neuron-specific reporter construct. The GFAP and MBP promoter-driven constructs were used as astrocyte and oligodendrocyte markers, respectively. As shown in Figure 5a , Ab40 significantly increased Tuj1 promoter activity, whereas Ab42 had the opposite effect on the Tuj1 promoter. A reversed pattern was observed in the GFAP promoter activity: Ab40 significantly decreased, whereas Ab42 increased the GFAP promoter activity (Figure 5b ). In contrast, no consistent effect was observed on the activities of the MBP promoter or on the SOX2 promoter by Ab40 or Ab42 treatment (data not shown).
Both Ab40 and Ab42 increased NPC proliferation during 25 h of treatment. So far we have shown that Ab40 and Ab42 had distinct roles in cell fate determination based on cell type-specific markers (Figure 2 -5) . Evidence suggests that these Ab species may also alter NPC proliferation depending on the time and type of animal models used. 8, [12] [13] [14] We hypothesized that the discrepancy in animal models may reflect the existence of different levels of soluble Ab40 and/or Ab42 in each animal model. Another less-likely factor might be that a relatively small number of stem cells were normally examined in vivo. In our cell culture model, both of these factors could be controlled. In this experiment, NPC cultures were treated for 25 h with fresh Ab40 and Ab42 based on the report that NPCs have a cell cycle of about 25 h in adult rat dentate gyrus. 25 BrdU and Ab40 or Ab42 were concomitantly present for 25 h before fixation and immunofluorescence staining. In mock-treated cultures, more than 70% of the cells incorporated BrdU, that is, in the S-phase, during the 25 h of incubation (Figure 6a ), demonstrating that the majority of the cells were proliferating and similar to the results by Ki67 staining ( Figure 1B ). The percentage of cells that underwent S-phase and became BrdU þ during the 25 h interval was similar to that as predicted in the dentate gyrus of adult rats. 25 Treatment with Ab40 or Ab42 significantly increased So far we have shown that a high percentage of NPCs were proliferating as measured by Ki67 staining and BrdU uptake, and that Ab40 and Ab42 increased the number of NPCs in S-phase by BrdU labeling. To validate these results, the DNA content distribution of NPCs was analyzed by flow cytometry. In this experiment, cells were stained with propidium iodide for determining DNA content after treatment with each Ab peptide or the vehicle DMSO. As shown in Figure 6c (left) histograms, NPC exhibited a DNA content profile similar to proliferating human embryonic stem cell lines with an abbreviated G1 phase. 27 Cell cycle-associated DNA distribution analyses Together, these data demonstrate that Ab40 and Ab42 accelerates NPC cell cycle.
Ab40 and Ab42 did not induce NPC DNA fragmentation or DNA condensation. Ab42 is known to induce neuronal death. [28] [29] [30] In addition, amyloid induces or predisposes neurons to DNA damage. 31 However, it does not appear to affect NPC death. 16, 17, 32 In these NPCs, no increase in cell death was obvious after 25 h of Ab40 or Ab42 treatment as judged by Trypan blue exclusion (data not shown). A hallmark of apoptosis is DNA fragmentation. In the next experiment, DNA fragmentation was determined by the Comet assay after Ab40 or Ab42 treatment. Fragmented DNA should appear like a comet after propidium iodide staining and electrophoresis. The positive control showed that primary neurons underwent DNA fragmentation after prolonged Ab42 treatment (see comets in Figure 7a , control). However, NPCs did not show DNA fragmentation as no comets were observed in the Ab40-or Ab42-treated samples (Figure 7a ).
Cells often undergo DNA condensation during apoptosis. 33 In this experiment, the percentage of cells that had condensed nuclei was determined by DAPI staining in NPCs. Cells were treated with freshly prepared soluble Ab or preaggregated Ab for 25 h before fixation and staining. Condensed nuclei were much brighter than normal nuclei, and these condensed nuclei were gated for counting by the MetaVue software. No significant differences were observed among these treatment conditions (Figure 7b ).
Ab40 and Ab42 in lineage-specific caspase-3 activation. So far we have shown that Ab40 or Ab42 did not significantly induce NPC DNA fragmentation or DNA condensation. Apoptotic cell death is often preceded by caspase-3 activation in many other cell types. Using a wellcharacterized and widely used antibody that recognizes activated caspase-3, we determined if caspase-3 was activated by Ab40 or Ab42 in a cell-type specific manner ( Figure 8 ). In these experiments, NPCs were treated with either freshly prepared or preaggregated Ab for 25 h before fixation. Cells were double-stained with the rabbit antiactivated caspase-3 antibody and the mouse anti-NeuN or the mouse anti-nestin antibodies followed by appropriate Alexa Fluor-conjugated secondary antibodies. Figure 8a confirmed our previous observation that Ab40 significantly increased the number of NeuN þ cells. Aggregated Ab40 or soluble Ab42 also increased the number of NeuN þ cells. However, Ab40 did not significantly increase caspase-3 activation in nestin þ cells (Figure 8c ). Ab40 actually significantly reduced caspase-3 activation in NeuN þ cells (Figure 8b ). These data suggest that S-phase entry promoted by Ab40 does not induce apoptosis in NPCs and may be supportive for newborn neuron survival. The cell counting method appeared to be more sensitive than western blotting by showing a significant effect of soluble Ab42 (although much less than Ab40) at increasing the percentage of NeuN þ cells (Figure 8a ). This demonstrates that there is some overlapping function between these two peptides. However, soluble Ab42 might not be beneficial in the long run due to its higher aggregation tendency. It was less certain whether freshly prepared Ab42 was toxic to NPCs, although it reached a statistical significance compared with the control (Figure 8c ). Ab42 augmented caspase-3 activation in nestin þ cells, but a large variation existed among the microscopic cell counts as indicated by the large error bars (Figure 8c ). Figure 8d shows that freshly prepared Ab40 migrated as monomers, whereas the aggregation protocol produced a mixture of monomers and oligomers. In contrast, although the majority of freshly prepared Ab42 migrated as monomers, some existed as a high molecular weight (MW) species. Over the course of aggregation, all Ab42 appeared as a single high MW species. Together, these experiments suggest that soluble Ab40 is the major effective species in neurogenesis and that aggregation ablates such a function.
Discussion
In this report, we employed primary, multipotent, proliferating NPC cultures (Figure 1 and Figure 6 ). Using such NPCs, we demonstrated that freshly prepared Ab40 significantly stimulated neurogenesis, whereas Ab42 induced astrocyte lineage in these cells (Figures 2-5, 8a) . The neurogenic effect is greatly reduced when Ab40 was preaggregated, corresponding to reduced levels of monomers (Figure 8 a and d) . We further showed that Ab40 induced neuronal cell fate in NPCs that were exiting S-phase of the cell cycle (Figure 3) . Besides their differential effects on NPC differentiation, we provided evidence that both Ab40 and Ab42 accelerated progenitor cell proliferation ( Figure 6 ). Ab40 and Ab42 did not significantly induce NPC DNA fragmentation or DNA condensation ( Figure 7) . We further showed that Ab40 did not augment caspase-3 activation in NeuN þ or nestin þ cells (Figure 8b  and c) , but Ab40 might be protective to neurons as it significantly decreased the number of caspase-3 þ NeuN þ -cells (Figure 8b ). Taken together, these data suggest a dynamic disease process in AD, where an increase in neurogenesis is followed by an overall decline, as Ab40 aggregates and loses the function. Accordingly, diminution of neurons as observed in postmortem AD brains may originate from reduced neurogenesis later in the disease process. These findings may also partially explain the discrepancies in neurogenesis reported in animal models. In such AD animal models, neurogenesis may vary according to the levels of soluble Ab40 and the time point when the data are collected.
The major difference of our in vitro studies from many others is that we used early stage, proliferating NPCs with very few other cell types. Under such cultural conditions, Ab40 had a predominant effect on neurogenesis, differing from a report showing that soluble Ab42 has the major effect. 34 We showed that soluble Ab42 increased the number of NeuN þ cells, but Ab40 is more potent in neurogenesis in our culture conditions (Figure 8a ). Another study shows that soluble Ab40 impairs neurogenesis at a very high concentration, 35 which probably contains few monomers. We decided to start with a much lower concentration of Ab40 due to the concern that higher concentrations may result in a nonspecific, toxic effect which would mask potential physiological functions. Higher concentrations of Ab40 may also result in faster aggregation and loss of function. We showed that Ab40 significantly induced NeuN expression between 1 and 5 mM (Figure 5b) . The less effectiveness of Ab40 in neurogenesis at 5 mM may be due to aggregation. These data indicate that Ab40 may be a promising tool for neurogenesis, but at high concentrations, Ab40 may not be beneficial unless aggregation can be effectively controlled. We are currently investigating better strategies of using Ab40 for neurogenesis.
Ab42 is strongly implicated in AD pathogenesis, but it did not induce apoptotic indexes such as DNA fragmentation and condensation in NPCs (Figure 7) . In a closer look, we showed that Ab42 significantly induced caspase-3 activation in nestin þ cells, but there were large variations between the microscopic fields as indicated by the large error bars (Figure 8c ). Freshly prepared Ab42 or aggregated Ab42 did not significantly increase caspase-3 activation in NeuN þ cells ( Figure 8b) ; this suggests that neither the monomers nor the (Figure 8d ). Ab42 is known to aggregate faster. The absence of lower MW Ab42 oligomer suggests that most of the monomers had evolved into the higher MW species (about 66 kDa) over 3 days of prior incubation. In contrast, the same aggregation protocol produced a whole range of Ab40 species including low MW oligomers (Figure 8d ). This is associated with reduced neurogenesis, but not with significant increases in cell death indexes (Figure 7b and Figure 8) .
We showed that Ab42 induced astrocyte differentiation in NPCs in addition to NPC proliferation (Figures 2a, 4, and 6 ). Activated astrocytes may secrete cytokines toxic to neurons and inhibit axonal growth. Thus, Ab42 may serve as a doubleedged sword depending on the situation. In contrast, Ab40 was predominantly neurogenic. It cannot be excluded that these Ab species may differ in their affinity for potential receptors and thus result in mainly different functions. Detailed mechanistic studies of Ab40 or Ab42 should provide valuable information on neuroregeneration, as well as understanding AD pathogenesis.
Similar to the findings from several reports, we found that more NPCs incorporated BrdU after Ab40 or Ab42 treatment (Figure 6a and b) . We also found that Ab40 promoted neuronal cell fate during the later stage of S-phase in the cell cycle (Figure 3) . Therefore, Ab40 positively affects two stages of the cell cycle: one is at S-phase entry and the other at S-phase exit. The cumulative effect of Ab40 appears to be beneficial as it not only promotes NPC self-renewal but also induces neuronal differentiation. Furthermore, the effect of Ab40 on NPC differentiation suggests that it might be protective to neurons that are induced to re-enter the cell cycle; in response to Ab40, such neurons may exit the Sphase as with NPCs, retain partial function, and survive for a long time. 36 These observations also open new avenues for future investigations such as how Ab40 functions at the molecular level at these two stages of the cell cycle during NPC development.
In this report, we relied on embryonic instead of adult cortical NPCs due to the ease of isolation and culturing. Surprisingly, these NPCs have a similar DNA profile as in human embryonic stem cell lines. 27 Disturbed neurogenesis during early development can result in neurodegeneration in adulthood as exemplified by the spinocerebellar ataxia type 1 mouse model. 37 Thus, the effect of Ab40 and Ab42 on prenatal cerebral NPCs may reflect their physiological functions during development. The possibility that a perturbation of early neural development could contribute to adult onset of AD may be investigated in animal models in vivo. Further, the effects of Ab40 and Ab42 should be scrutinized in adult NPCs, especially in hippocampal NPCs. These future investigations will provide valuable information on the potential of a stem cell therapy against neurodegeneration including in AD.
Materials and Methods
Antibodies. The following antibodies were used: rabbit anti-BrdU antibody (Megabase Research Products), mouse anti-NeuN (Chemicon), rabbit anti-S100B (gift from Dr. Linda J Van Eldik), mouse anti-MAP2 (HM-2 clone) and mouse antig-tubulin (both from Sigma), mouse anti-nestin (BD Bioscience), mouse anti-O4 (gift from Dr. Steven Pfeiffer), 38 rabbit anti-Ki67 (ABCam), mouse anti-Ab (4G8 clone, Signet), rabbit anti-activated caspase-3 (Cell Signaling), and Alexa Fluor 594 goat anti-mouse and Alexa Fluor 488 goat anti-rabbit (Molecular Probes).
Neural progenitor cells. The animal protocol was preapproved by the Institutional Animal Care Committee. Briefly, cortices from embryonic day 18 (E18) rat were dissected, mechanically dissociated, then first centrifuged through a sucrose cushion at 200 Â g for 7 min, and later through a 4% BSA/DMEM solution at 700 Â g for 10 min. The cell pellet containing progenitor cells were washed twice with growth medium containing neurobasal medium supplemented with 2% of B-27 supplement without vitamin A and 1x penicillin/streptomycin (all from Invitrogen) and with growth factors (EGF and FGF at 20 ng ml À1 each, Sigma) and L-glutamine at 0.5 mM (Invitrogen). Single cells were initially plated in the growth medium in a 60 mm dish at a density of 3 Â 10 6 per dish either on poly-ornithine-coated dishes for monolayer cultures or non-coated dishes for floating spheres. These initial plating was designated P0 cells. Half of the culture medium was replaced every 2 days. Cells were maintained at 37 1C with 5% CO 2 in an incubator with high humidity. Cells were mechanically dissociated before replating. Experiments were performed using P0 cells at first (P1) or second (P2) plating in coated dishes. Most of the experiments were performed in NPCs initially plated as a monolayer and repeated using NPCs initially plated as spherical cultures.
Primary neurons. Primary neurons were grown as described in the following cited report. 33 Cells were treated at 7 or 8 day in vitro with 1.5 mM of Ab42 for 72 h.
Fixation, immunofluorescence labeling, and microscopy. Cells were fixed in 4% paraformaldehyde for 40 min at room temperature (RT). Cells were washed 4 Â with PBS and incubated in blocking buffer (1% normal goat serum/ 0.5% Triton X-100 in PBS) for 15 min. Primary antibodies were diluted in the blocking buffer and incubated for 2 h at RT. Cells were then washed with the blocking buffer 2 Â 5 min before incubation with Alexa Fluor-conjugated secondary antibodies (1 : 400) for 1 h. Cells were then stained with 20 ng ml À1 of DAPI (Sigma) for 2 min. Coverslips were washed with PBS (4 Â ) and mounted in 90% glycerol. Negative controls were cells incubated without the primary antibody.
For staining with mouse anti-NeuN, rabbit anti-BrdU, and rabbit anti-Ki67, cells were treated with 2 N HCL for 15 min at RT before blocking. For mouse anti-O4 staining, live cells were stained following a protocol described previously. 38 Images were collected with Â 20 or Â 40 objectives on a Nikon Eclipse 600 fluorescence microscope. The microscope was equipped with a CoolSnap camera (Photometrics). Images were collected using MetaView (version 6.2r2, Universal Imaging Corporation). Composite images were arranged in Adobe Photoshop (version 6.0). Data were analyzed by ANOVA and t-test assuming unequal variance using the Excel data analysis tool (Microsoft). Error bars represent the standard error.
NPC differentiation. NPC differentiation was carried out in cells plated onto coated glass coverslips following a protocol described. 22 Half of the medium was replaced after 48 h of incubation in the respective defined medium. Cells were then fixed and stained for nestin, MAP2, S100B, or O4, as in the staining protocol described above.
Amyloid preparation and treatment. Ab40 and Ab42 peptides (American peptide) were prepared essentially as described by Dahlgren et al. 39 Briefly, the peptides were dissolved in hexafluoro-2-propanol, divided into smaller aliquots, dried in a SpeedVac, and stored in À841C. Soluble peptides were prepared by first diluting a dry stock in DMSO to 5 mM and then further diluting to 100 mM in neurobasal medium (Invitrogen) immediately before adding to the cells. Control culture NPCs were treated with similarly diluted DMSO. Soluble peptides were boiled in sample loading buffer with b-mercaptoethanol and resolved by electrophoresis on a 16% bicine-tris-acrylamide gel with urea. Soluble peptides migrated as monomers (Figure 8d, left) . To prepare for aggregated Ab, the peptides were dissolved as described above to 100 mM and left at 41C for 3 days before further dilution and cell treatment. These aggregated Ab peptides were boiled in sample loading buffer with b-mercaptoethanol and then resolved on a 4-20% precise protein gel (Pierce). Both of the blots were probed with 4G8 (Figure 8d ). Unless noted otherwise, freshly diluted soluble Ab peptides were used to treat the cells. Ab40 and Ab42 were at a final concentration of 1.5 mM unless noted otherwise. The final concentration of the vehicle DMSO present in the experimental Ab40 promotes neurogenesis Y Chen and C Dong samples was 0.0003 ml ml À1 for 1.5 mM of the peptides and 0.001 ml ml À1 for 5 mM of the peptides. No significant effect of DMSO on NPC differentiation was found within this range compared to no-DMSO controls (medium only).
Western blotting analyses of experimental samples. Cells were washed with cold PBS and scraped in a lysis buffer containing 150 mM NaCl, 50 mM Tris-HCL, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS plus a protease and phosphatase inhibitor cocktail (Sigma). After 30 min on ice, the lysate was briefly sonicated and precleared by centrifugation. Protein concentrations were determined by the bicinchromic acid method using a kit from Pierce. Equal amount of protein was boiled in SDS sample buffer and resolved on 7.5% or 12% SDS-PAGE gels. Proteins were transferred onto nitrocellulose, blocked for 1 h with 3% BSA in TBSTween and incubated with primary antibodies overnight. Chemiluminescence reactions were carried out using ChemiGlow (Alpha Innotech) and images were collected on Chemilmager (Alpha Innotech). At least three independent experiments were performed in each western blot analysis.
Dual luciferase assay. The luciferase reporter plasmids were as described. 22 Two days after plating into 35 mm dishes, cells were transfected with a cell lineagespecific reporter construct (1 mg per dish) and the Renilla luciferase reporter as internal control for transfection efficiency (1 ng per dish) (CMV-PRL, Promega) using lipofectamine and plus reagents (Invitrogen). One day after transfection, cells were treated with amyloid in fresh NPC growth medium for 25 h before harvest. Lysates were prepared in passive lysis buffer, and dual luciferase assays were performed according to the manufacturer's protocols (Promega). Luciferase activity was measured by a dual-injector microplate luminometer (Turner Biosystems) using Veritas program as arbitrary units. The luminescence signal of a specific luciferase reporter plasmid was normalized to the internal control Renilla luciferase reporter intensity. The normalized luminescence signals representing specific luciferase reporter activities was shown in the graphs. Each experiment was performed in duplicates or triplicates.
Analyses of DNA synthesis phase in NPCs by BrdU incorporation and fluorescence microscopy. In these assays, P0 progenitor cells were mechanically dissociated and plated into poly-ornithine-coated 24-well plates with glass coverslips at 3 Â 10 5 per well 2 days before the treatment. Cells were fixed and stained for BrdU, NeuN, S100B, and DAPI as described above. BrdU incorporation was visualized by immunofluorescence labeling using a rabbit anti-BrdU antibody. Images were collected with a Nikon Eclipse 600 fluorescence microscope.
To determine the effect of Ab40 or Ab42 on NPC proliferation during the entire treatment period of 25 h, BrdU (Sigma, 10 mM ml À1 ) was present in the culture medium concomitantly with Ab40 or Ab42.
To determine the effect of Ab40 or Ab42 on cells that were exiting S-phase before Ab treatment, cells were preincubated with BrdU (20 mM ml
À1
) for 3 h before they were switched to fresh medium with Ab40 or Ab42 for another 25 h before fixation.
Flow cytometric analyses. The percentage of cells in the S-phase of cell cycle was evaluated by flow cytometry. Briefly, cells were trypsinized, washed with PBS, and fixed in 70% ethanol at 41C overnight. Cells were then stained with propidium iodide for DNA contents. The data were collected using FACSCalibur with the CellQuest software (Beckman Dickinson). The samples were analyzed for cell cycle distribution using the software ModFit LT (Version 3.0, Verity).
Detecting DNA fragmentation by the comet assay. The Comet assay was performed essentially as described. 40 Briefly, cells were dissociated in PBS from plates after fixation. Approximately 10 4 cells in 0.5 ml of PBS were combined with 1.5 ml of 1% low melt agarose (Fisher). After brief mixing, the solution was rapidly transferred to a glass microscope slide and allowed to solidify for 1 min. The slide was then placed into freshly prepared lysing solution (0.03 M NaOH/1 M NaCl) for 1 h at RT. After that, the slide was gently rinsed in distilled water and placed in a horizontal gel electrophoresis apparatus (BioRad) containing 40 mM Tris, 5 mM EDTA, 20 mM acetic acid, pH8.3. The electrophoresis apparatus was set at 150 V for 12 min. Slides were then rinsed with distilled water and incubated for 10 min in the dark with 2.5 mg ml À1 propidium iodide. Slides were rinsed in distilled water and images were taken immediately after staining using a Nikon Eclipse 600 fluorescence microscope using MetaView.
Quantifying condensed nuclei. The number of condensed nuclei was analyzed as described before. 33 Analyses of cell type-specific, activated caspase-3 positive (caspase-3 þ ) cells. Cells grown on glass coverslips were fixed and stained as described above. Ten random fields of images were obtained using a Â 20 objective on a Nikon Eclipse 600 fluorescence microscope. Cells that were positive for a cell-type specific marker (NeuN þ or nestin þ ), for activated caspase-3 (caspase-3 þ ), or positively stained for both a marker and the activated caspase-3, were recorded. Total cells per field were obtained by DAPI-stained nuclei. The percentage of NeuN þ or nestin þ , and the percentage of caspase-3 þ cells per total number of NeuN þ or nestin þ cells, were analyzed by two-tailed t-test and presented in the bar graphs.
Data collection and analyses . All the experiments described in this article were based on the initial observations by western blotting; such a method relies on less human intervention, although it might not be very sensitive. In experiments when cell counts were involved, a naive person collected the images from coded samples to minimize potential observer bias. In such experiments, 10 random fields were examined with about 150 cells per image. Cells in each field were then counted in a blinded manner. The total number of cells was based on DAPI staining. The percentage of a cell type per image field forms the data set (n ¼ 10) in each independent experiment. This data set was used for t-test analyses assuming unequal variances using the Excel data analysis tool (Microsoft). Such an experiment was repeated at least three times and a representative experiment was presented showing the mean and standard error in the graph. A statistical significance is declared when a P-value is p0.05.
Western blots from multiple independent experiments were analyzed by t-test assuming unequal variances. 33 Briefly, the specific protein band was normalized to the corresponding g-tubulin after subtracting the background before comparison. The normalized mean and standard error are shown in the graphs.
